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Detection of serrated lesions in proximal
colon by simulated sigmoidoscopy vs faecal
immunochemical testing in a multicentre,
pragmatic, randomised controlled trial
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Abstract
Background: The diagnostic yield of the faecal immunochemical test and sigmoidoscopy in detecting proximal serrated

polyps in a colorectal cancer screening programme has not been fully assessed.

Aim: We determined the detection rate of proximal serrated polyps by simulated sigmoidoscopy and faecal immunochemical test

compared with total colonoscopy in a population-based, multicentre, nationwide, randomised controlled trial (ColonPrev study).

Methods: Sigmoidoscopy yield was simulated based on the UK-Flexible Sigmoidoscopy Trial for total colonoscopy referral.

Definitions were: proximal serrated polyp (proximal serrated polyp): sessile serrated polyp or hyperplastic polyp of any size

and proximal at-risk serrated polyp (at-risk proximal serrated polyp): sessile serrated polyp of any size or hyperplastic

polyp� 10 mm, both located proximally to the splenic flexure.

Results: A total of 10,611 individuals underwent faecal immunochemical test and 5059 underwent total colonoscopy and

were evaluated by simulated sigmoidoscopy. Sigmoidoscopy and faecal immunochemical test were less accurate in detect-

ing proximal serrated polyps (odds ratio: 0.13; 95% confidence interval: 0.10–0.18 and 0.13; 0.09–0.18, p< 0.0001, respect-

ively). Both tests were inferior to colonoscopy in detecting at-risk proximal serrated polyps, and sigmoidoscopy was inferior

to faecal immunochemical test in detecting these lesions (odds ratio: 0.17; 95% confidence interval: 0.10–0.30 and 0.25;

0.17–0.37, p< 0.0001, respectively).

Conclusion: Sigmoidoscopy and faecal immunochemical test are less accurate in detecting proximal serrated polyps than

colonoscopy, particularly in women.
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Key summary
. Despite evidence of the efficacy of sigmoidoscopy and faecal occult blood testing (FOBT) in colorectal

cancer (CRC) screening, both strategies have potential limitations in detecting proximal lesions.
. Recent evidence suggests that up to 30% of CRC cases develop from serrated polyps (SPs), so the

detection of proximal and large SP may be one of the future goals of CRC screening strategies.
. We were able to clarify that sigmoidoscopy and the faecal immunochemical test (FIT) have major limi-

tations in detecting proximal SPs compared with total colonoscopy (TC).
. These limitations are more marked in women, independently of age.
. More studies are needed to determine the effectiveness of repeat FIT testing over time in proximal SP

detection.

Introduction

Colorectal cancer (CRC) is the third most common
cancer worldwide and the second leading cause of
cancer-related death and studies has shown that screen-
ing with both faecal occult blood testing (FOBT) and
flexible sigmoidoscopy is effective and reduces
CRC-specific incidence and mortality in randomised
controlled trials. Accordingly, these two strategies,
along with colonoscopy, have been universally accepted
and recommended for CRC screening.1,2

Until recently, CRC was thought to develop from
adenomas through the adenoma-carcinoma-pathway.
However, recent evidence suggests that up to 30% of
CRC cases develop from serrated polyps (SPs) through
an alternative pathway, known as the serrated path-
way.3,4 In this regard, recently published studies have
shown an increase risk of CRC in individuals with large
SPs (�10mm) and proximal sessile serrated polyps
(SSPs),5–7 suggesting that these lesions may be one of
the future goals of CRC screening strategies.

Although colonoscopy may be imperfect in the
detection of SPs, it is probably superior to alternative
methods of CRC screening. Inconsistent results have
been reported regarding the influence of sigmoidoscopy
on the incidence of proximal CRC.8,9 Moreover, con-
flicting results have also been reported on the ability of
FOBT to detect advanced proximal neoplasms (APNs).
Similar to the findings in the baseline screening exam-
ination of the ColonPrev study,10 some studies have
reported a lower sensitivity in APN detection,11

while other studies have reported comparable sensitiv-
ities in both locations.12 In fact, regarding CRC detec-
tion, a recent meta-analysis in colonoscopy verified
studies reported better diagnostic performance for the
detection of CRC in the distal than in the proximal
colon.13

The ColonPrev study, a randomised controlled trial
designed to assess the efficacy of one-time colonoscopy
and biennial faecal immunochemical test (FIT) in redu-
cing CRC mortality at 10 years10 constitutes a unique
opportunity to estimate the risk of proximal SPs by
comparing different screening strategies, FIT and

simulated sigmoidoscopy, in a large cohort of aver-
age-risk individuals screened by colonoscopy.
Therefore, this analysis aimed to compare FIT and sig-
moidoscopy strategies in terms of accuracy and the
resources needed to detect one proximal SP, both over-
all and in age- and sex-specific subgroups.

Methods

The current analysis is a post-hoc analysis of
the ColonPrev study (ClinicalTrials.gov number:
NCT00906997), details are described elsewhere.10 The
study protocol (Figure 1), in compliance with the eth-
ical guidelines of the 1975 Declaration of Helsinki, was
approved by the institutional review board of Parc de
Salut Mar (protocol number: 2008/3050/, 15 April
2008), and all participants provided written informed
consent.

FIT strategy

The FIT strategy consisted of a single stool sample
analysis with the use of the automated semiquantitative
OC-Sensor (Eiken Chemical).10 Participants who were
found to have a haemoglobin level of 15 mg Hb/g faeces
or more were invited to undergo colonoscopy.

Sigmoidoscopy simulation

Simulation of sigmoidoscopy yield was estimated from
the results obtained in the colonoscopy arm by con-
sidering lesions detected in the rectum and sigmoid
colon and according to the criteria proposed in the
UK Flexible Sigmoidoscopy Trial for colonoscopy
referral (one distal polyp �10mm, tubulovillous or vil-
lous histology, high-grade dysplasia, �3 adenomas,
CRC, or �20 hyperplastic polyps above the distal
rectum).9 Patients were classified according to the
most advanced lesion present in the proximal and
distal segments. To minimise any potential bias
caused by the segments included in the sigmoidoscopy
simulation, a sensitivity analysis was performed by
including the descending colon in the distal colon.14,15
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Figure 1. Enrolment and outcomes of individuals included in the study.
1Simulation of sigmoidoscopy yield was based on results obtained in the colonoscopy arm by considering any lesion detected in the

rectum and sigmoid colon (primary analysis); estimation of individuals referred for colonoscopy was made according to criteria proposed

in the UK Flexible Sigmoidoscopy trial.
2Serrated polyp location was established with respect to splenic flexure; total number of subjects with proximal and distal lesions may

exceed total number of subjects because individuals could have lesions in both locations.

FIT: faecal immunochemical test; FS: flexible sigmoidoscopy; SSPþHP: sessile serrated polyp or hyperplastic polyp regardless of size;

SSPþHP10: any SSP regardless of size plus HP larger than 10 mm 10; TC: total colonoscopy.
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Data analysis

The main outcome of the analysis was the detection
rate of proximal SPs, which was defined as any SSP,
traditional serrated adenoma (TSA) or hyperplastic
polyp (HP), regardless of size (proximal SP group) or
at-risk proximal SPs, defined as any SSP or TSA
regardless of size plus any HP larger than 10mm
(at-risk proximal group), both located proximally to
the splenic flexure. The performance characteristics of
each strategy in detecting proximal serrated lesions
were estimated both overall and upon stratification of
the whole series in arbitrarily defined subsets of indi-
viduals by age (50– 59 years and 60–69 years) and sex.
Detection rates for each strategy, were compared with
the corresponding detection rate in the colonoscopy
arm by logistic regression analysis and are reported as
odds ratios (ORs) with 95% confidence intervals (CIs),
adjusted by participating centre. The analysis of
resources was done by calculating the number of indi-
viduals needed to screen and the number of individuals
needed to scope to detect one proximal SP based on the
strategy: sigmoidoscopy or FIT.

Finally, a forward stepwise logistic regression ana-
lysis was performed to identify distal findings inde-
pendently associated with the presence of proximal
SP. Variables included were the presence in the
rectum and sigmoid colon of any HP> 10mm, any
SSP< 10mm, any non-advanced adenoma, any
SSP� 10mm, or an advanced neoplasm, defined as
advanced adenoma or CRC. Patients were classified
by the most advanced lesion.

Analyses were done by using the SPSS statistical
software, version 15.0 (SPSS Inc., Chicago, Illinois,
USA). All statistical tests were two-sided and p values
<0.05 were considered statistically significant.

Results

A total of 10,611 individuals underwent FIT, and 5059
underwent colonoscopy at the baseline screening exam-
ination of the ColonPrev study, either as the initial
randomised allocation or after crossover from the alter-
native arm (Figure 1). Among those screened by FIT,
767 individuals (7.2%) tested positive, and 663 of them
(86.4%) completed colonoscopy, thus resulting in
10,507 individuals evaluable for final outcomes in the
FIT arm. Simulation of sigmoidoscopy yield based on
the results obtained in the colonoscopy arm and
according to the criteria proposed in the UK Flexible
Sigmoidoscopy trial9 resulted in 317 individuals (6.2%)
being referred to colonoscopy when lesions detected in
the rectum and sigmoid colon were considered (primary
analysis) (Figure 1) and in 365 individuals (7.2%) when
lesions in the descending colon were also considered
(sensitivity analysis).

Overall SP detection rate

SPs were found in 1054 individuals (20.8%) of the total
colonoscopy (TC) arm (reference strategy), in 747
(14.8%) in the sigmoidoscopy simulation and 164
(1.6%) in the FIT arm, (OR: 0.63; 95% CI, 0.56–
0.70, and OR: 0.06; CI 95%, 0.05–0.07, respectively)
(Figure 1 and Table 1). The superiority of sigmoidos-
copy over FIT in overall SP detection was maintained
in each age-specific and sex-specific subgroup (Table 1).
Similar results were observed in the sensitivity analysis,
when the descending colon was also included in the
distal colon for the sigmoidoscopy yield simulation
(Supplementary Material Table 1).

Colon side-specific SP detection

Regarding the detection of proximal SP, FS and FIT
detected 86% and 88% fewer individuals with these
lesions than colonoscopy (Table 2). Despite the poor
overall performance of both strategies compared with
TC, superiority of sigmoidoscopy in men compared
with FIT was observed in the detection of proximal
SPs, irrespective of age. In fact, in respect to TC, sig-
moidoscopy would have detected 83% and 80% fewer
proximal SPs in men and FIT detected 90% and 84%
fewer lesions, depending on age (Table 2). By contrast,
in respect to TC, in women, the FIT strategy was super-
ior to sigmoidoscopy in detecting proximal SPs
(Table 2). Altogether, regardless of age, FIT detected
36 (0.6%) individuals with proximal SPs compared
with the six (0.2%) individuals detected in the sigmoid-
oscopy simulated-group. In older women, FIT strategy
detected 83% fewer individuals with proximal SPs in
respect to TC and sigmoidoscopy detected 95% fewer
lesions.

Of note, on evaluation of the detection of at-risk
proximal SPs, although FIT was more accurate than
sigmoidoscopy, again both strategies detected fewer
at-risk proximal SPs than TC (Table 3). Strikingly,
except in younger men, FIT detected more lesions
than sigmoidoscopy and sigmoidoscopy would not
have detected any proximal at-risk SPs in women,
regardless of age (Table 3).

In the sensitivity analysis, the performance charac-
teristics of FIT- and sigmoidoscopy-based strategies
were similar to those observed in the primary analysis
regarding proximal (Supplementary Material Table 2)
and at-risk proximal SPs (Supplementary Material
Table 3).

Analysis of resources

As observed in the detection rate of proximal SPs, the
number of individuals needed to screen was higher in
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Table 2. Detection rate of proximal serrated polyps according to faecal immunochemical test (FIT) and sigmoidoscopy-based screening

strategies with respect to total colonoscopy (TC).

Screening group

Individuals with

proximal

serrated polyps,

n (%) ORa 95% CI p Value

Overall TC (n¼ 5059) 329 (6.5) 1 –

FSb (n¼ 5059) 47 (0.9) 0.13 0.10–0.18

FIT (n¼ 10,057) 87 (0.8) 0.13 0.94–0.18 0.0001

Men, 50–59 years old TC (n¼ 1349) 103 (7.6) 1 –

FSb (n¼ 1349) 20 (1.5) 0.17 0.11–0.28

FIT (n¼ 2406) 17 (0.7) 0.10 0.05–0.15 0.0001

Men, 60–69 years old TC (n¼ 1109) 95 (8.6) 1 –

FSb (n¼ 1109) 21 (1.9) 0.20 0.12–0.32

FIT (n¼ 2279) 34 (1.5) 0.16 0.10–0.23 0.0001

Women, 50–59 years old TC (n¼ 1407) 76 (5.4) 1 –

FSb (n¼ 1407) 3 (0.2) 0.04 0.01–0.11

FIT (n¼ 2954) 15 (0.5) 0.10 0.06–0.18 0.0001

Women, 60–69 years old TC (n¼ 1194) 55 (4.6) 1 –

FSb (n¼ 1194) 3 (0.3) 0.05 0.02–0.16

FIT (n¼ 2841) 21 (0.7) 0.17 0.10–0.28 0.0001

CI: confidence interval; FS: flexible sigmoidoscopy; OR: odds ratio; SP: serrated polyp.

SP includes sessile serrated adenoma/polyp, traditional serrated adenoma and hyperplastic polyp.
aOR with respect to TC; adjusted by age, gender and participating centre.
bFS yield was based on lesions detected in rectum and sigmoid colon.

Table 1. Detection rate of serrated polyps according to faecal immunochemical test (FIT) and sigmoidoscopy-based screening strategies

with respect to total colonoscopy (TC).

Screening group Positive FIT/FSa
Individuals with

serrated polyps, n (%) ORb 95% CI p Value

Overall TC (n¼ 5059) – 1054 (20.8) 1 –

FSa (n¼ 5059) 317 747 (14.8) 0.63 0.56–0.70

FIT (n¼ 10,057) 668 164 (1.6) 0.06 0.05–0.07 0.0001

Men, 50–59 years old TC (n¼ 1349) – 346 (25.6) 1 –

FSa (n¼ 1349) 89 256 (19.0) 0.65 0.53–0.79

FIT (n¼ 2406) 176 41 (1.7) 0.05 0.03–0.07 0.0001

Men, 60–69 years old TC (n¼ 1109) – 288 (26.0) 1 –

FSa (n¼ 1109) 124 212 (19.1) 0.63 0.51–0.79

FIT (n¼ 2279) 201 59 (2.6) 0.07 0.05–0.09 0.001

Women, 50–59 years old TC (n¼ 1407) – 239 (17.0) 1 –

FSa (n¼ 1407) 48 157 (11.2) 0.59 0.47–0.74

FIT (n¼ 2954) 131 27 (0.9) 0.05 0.05–0.07 0.0001

Women, 60–69 years old TC (n¼ 1194) – 181 (15.2) 1 –

FSa (n¼ 1194) 56 122 (10.2) 0.62 0.48–0.80

FIT (n¼ 2841) 160 37 (1.3) 0.08 0.05–0.11 0.0001

CI: confidence interval; FS: flexible sigmoidoscopy; OR: odds ratio; SP: serrated polyp.

SP includes sessile serrated adenoma/polyp, traditional serrated adenoma and hyperplastic polyp.
aFS yield was based on lesions detected in rectum and sigmoid colon; bOR with respect to TC; adjusted by age, gender and participating centre.

Carot et al. 1531



women than in men for both strategies, and was higher
in the younger subgroups than in the older subgroups
(Table 4). When the ratio between sigmoidoscopy and
FIT was calculated regarding this indicator, men
mostly benefited from sigmoidoscopy while women,
especially those aged 60–69 years, benefited from FIT
(Table 4). Regarding the screening resources needed for
at-risk proximal SP detection, the youngest men, those
aged 50–59 years, mostly benefited from the sigmoid-
oscopy approach, whereas the oldest men, those aged
60–69 years and women irrespective of age, mostly
benefited from the FIT approach.

In both cases, these results were reproduced on
evaluation of the number of individuals needed to
refer for colonoscopy (Table 4). The results obtained
in the primary analysis were similar to those obtained
in the sensitivity analysis, in which the descending colon
was also included in the sigmoidoscopy simulation
(Supplementary Material Table 4).

Distal findings associated with proximal SPs

Risk factors independently associated with the presence
of a proximal SP on logistic regression analysis were
male sex (OR 1.54; 95% CI: 1.22–1.93) and the pres-
ence of any distal SSP<10mm (OR 2.77; 95% CI: 1.15–
6.67), distal non-advanced adenomas (OR 1.43; 95%

CI: 1.01–2.01), and advanced neoplasms (OR 2.78;
95% CI: 1.94–3.99) (Table 5).

Distal findings independently associated with the
presence of at-risk proximal SPs were male sex (OR
1.94; 95% CI: 1.22–1.93), and the presence of distal
SSP< 10mm (OR 9.43; 95% CI: 3.55–25.06) or
SSP� 10mm (OR 13.99; 95% CI 3.83–51.16), and
advanced neoplasms (OR 3.08; 95% CI: 1.62–5.85)
(Table 6).

Discussion

The results of our study based on the baseline
screening examination of a multicentre, nationwide,
randomised controlled trial clearly indicates the
superiority of TC over FIT and sigmoidoscopy in the
detection of proximal and at-risk proximal SPs.
Moreover, when individuals were stratified by age
and sex, significant differences were observed in the effi-
cacy of screening strategies. In fact, although sigmoid-
oscopy detected more proximal SPs than FIT in men,
the results were the opposite in women. In this sense,
FIT detected more proximal SPs, especially in older
women, than sigmoidoscopy. Reported prevalence16

of proximal SPs in both arms of the study (TC and
FIT) was within that of previously published
papers.17–20

Table 3. Detection rate of at-risk proximal serrated polyps according to faecal immunochemical test (FIT) and sigmoidoscopy-based

screening strategies with respect to total colonoscopy (TC).

Screening group

Individuals with at-risk

proximal serrated

polyps, n (%) ORa 95% CI p Value

Overall TC (n¼ 5059) 88 (1.7) 1 –

FSb (n¼ 5059) 16 (0.3) 0.17 0.10–0.30

FIT (n¼ 10,057) 44 (0.4) 0.25 0.17–0.37 0.0001

Men, 50–59 years old TC (n¼ 1349) 37 (2.7) 1 –

FSb (n¼ 1349) 10 (0.7) 0.26 0.13–0.52

FIT (n¼ 2406) 5 (0.2) 0.08 0.03–0.20 0.0001

Men, 60–59 years old TC (n¼ 1109) 22 (2.0) 1 –

FSb (n¼ 1109) 6 (0.5) 0.26 0.10–0.65

FIT (n¼ 2279) 20 (0.9) 0.39 0.21–0.74 0.0001

Women, 50–59 years old TC (n¼ 1407) 18 (1.3) 1 –

FSb (n¼ 1407) 0 – – –

FIT (n¼ 2954) 8 (0.3) 0.24 0.10–0.56 0.0001

Women, 60–69 years old TC (n¼ 1194) 11 (0.9) 1 –

FSb (n¼ 1194) 0 0 – –

FIT (n¼ 2841) 11 (0.4) 0.45 0.19–1.01 0.07

CI: confidence interval; FS: flexible sigmoidoscopy; OR: odds ratio.

At-risk proximal serrated polyp: sessile serrated adenoma/polyp or traditional serrated adenoma of any size and/or hyperplastic polyp� 10 mm proximal to

splenic flexure.
aOR with respect to TC; adjusted by age, gender and participating centre.
bFS yield was based on lesions detected in rectum and sigmoid colon.
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Previous studies have shown that FIT essentially
failed to detect SSPs. Reported sensitivities ranging
from 0–18% to 5.1–10.5% for large SSPs by FIT-20
and FIT-10 mg Hb/g faeces buffer positive threshold,
respectively.21,22 A recent study, based on three
rounds of a FIT-based screening program using a
10 mg Hb/g faeces level cut-off, showed that no differ-
ences in Hb levels were found for those with SPs (inde-
pendently of size or subtypes) or non-advanced

adenomas compared with individuals without polyps
at colonoscopy.23 In fact, except for the TSA usually
located in the distal colon, SPs have a median absolute
FIT result ranging between 15–22 mg Hb/g faeces.
Finally, a study comparing FIT versus a noninvasive
multitarget stool DNA test showed a sensitivity of FIT-
20 mg Hb/g faeces of 5.1% in SSPs measuring 1 cm or
more.24 Although our results are based on the first
screening round only, and the putative advantages of

Table 4. Number of individuals needed to screen and to refer for colonoscopy to detect one proximal serrated polypa and at-risk proximal

serrated polypb in simulated sigmoidoscopy-based and faecal immunochemical test (FIT)-based screening.

Proximal serrated polyp At-risk proximal serrated polyp

Sigmoidoscopyc FIT

Ratio

sigmoidoscopy/FIT Sigmoidoscopyc FIT

Ratio

sigmoidoscopy/FIT

Number needed to screen

Overall 107.6 120.8 0.9 316.2 238.8 1.3

Men, 50–59 years old 67.5 141.5 0.5 134.9 481.2 0.3

Men, 60–59 years old 52.8 67.0 0.8 184.8 113.9 1.6

Women, 50–59 years old 469.0 198.7 2.4 – 372.6 –

Women, 60–69 years old 398.0 135.3 2.9 – 258.3 –

Number needed to scope

Overall 6.7 7.6 0.9 19.8 15.1 1.3

Men, 50–59 years old 4.5 10.2 0.4 8.9 34.6 0.3

Men, 60–59 years old 5.9 5.9 1 20.7 10.1 2.0

Women, 50–59 years old 16.0 8.6 1.8 – 16.1 –

Women , 60–69 years old 18.7 7.6 2.5 – 14.5 –

aProximal serrated polyp: sessile serrated polyp, traditional serrated adenoma and hyperplastic polyp proximal to splenic flexure.
bAt-risk proximal serrated polyp: sessile serrated polyp or traditional serrated adenoma of any size and/or hyperplastic polyp� 10 mm proximal to splenic

flexure.
cSigmoidoscopy yield was based on lesions detected in the rectum and sigmoid colon.

Table 5. Characteristics independently associated with the presence of any proximal serrated polyp.a

Overall Male, 60–69 years Male, 50–59 years Female, 60–69 years Female, 50–59 years

Characteristic OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p

Age 0.99 0.98–1.02 0.71 1.02 0.95–1.10 0.61 0.99 0.92–1.07 0.80 1.01 0.78 0.96 0.88–1.05 0.35

Distal colon findingb

Sex male 1.54 1.22–1.93 0.0001 – – – – – –

NormalþHP

< 10 mm

1 1 1 1 1

HP�10mm 0.82 0.11–6.15 0.86 – – – 2.71 0.32–22.83 0.36 – – – – – –

SSP or TSA

<10 mm

2.77 1.15–6.67 0.023 1.67 0.20–13.81 0.64 4.08 1.12–14.89 0.03 3.14 0.38–26.03 0.29 2.02 0.25–16.21 0.51

Non-advanced

adenoma

1.43 1.01–2.01 0.042 0.97 0.50–1.89 0.94 1.98 1.11–3.53 0.02 1.42 0.59–3.43 0.43 1.49 0.72–3.08 0.28

SSP or TSA

�10 mm

3.32 0.94–11.79 0.063 3.01 0.63–14.48 0.17 5.47 0.56–53.42 0.14 – – – – – –

ACN 2.78 1.94–3.99 0.0001 2.39 1.33–4.27 0.003 5.13 2.85–9.24 0.0001 1.36 0.41–4.53 0.62 1.37 0.41–4.56 0.61

ACN: advanced colorectal neoplasm (advanced adenoma and/or cancer); CI: confidence interval; HP: hyperplastic polyp; OR: odds ratio; SSP: sessile serrated

polyp; TSA: traditional serrated adenoma.
aSerrated polyps: SSP or TSA or HP; blesions detected in rectum and sigmoid colon.

Carot et al. 1533



this strategy could be accentuated by its periodic nature
with a potential cumulative effect in the long term, pub-
lished results are in agreement with our finding of low
sensitivity in proximal SP detection. In fact, in the set-
ting of an organised CRC screening programme with
FIT a low prevalence of SSPs and a lack of association
with the FIT round was observed,19 suggesting that
SSPs are not a suitable target for FIT-based orga-
nised/population-based programmes.

An explanation for this low sensitivity may lie in the
biology of these precursor lesions. SSPs are typically
sessile or flat, non-ulcerated, and without haemorrhagic
features,25 thus suggesting that serrated lesions are
coincidental, nonbleeding findings in FIT positive indi-
viduals.25 Nevertheless, previous studies have observed
wide variability in the presence of concurrent adenoma
in patients with a large SP, ranging from 20–63%.6,20,26

In fact, the SP is considered the key precursor lesion
of some colonoscopy interval colorectal cancers
(iCRCs), and the rate of occurrence is strongly related
to the sensitivity of the test. A recent meta-analysis
observed an overall pooled incidence rate of iCRC
after a negative FIT test of 20 (95% CI 14–29) per
100,000 patients-year. In the studies where tumour
location was assessed, iCRCs were located distal from
the splenic flexure in 67% (95% CI 64–70%) of the
cases).27

Regarding sigmoidoscopy, the results of our study
clearly show that detection of proximal and at-risk
proximal SPs with sigmoidoscopy was inferior to its
ability to detect APNs. Contrasting evidence of the
protective effect of sigmoidoscopy in proximal CRC
incidence in different sigmoidoscopy trials has been

observed. Analysis of three randomised sigmoidoscopy
trials (PLCO, SCORE and NORCCAP trials)28 has
shown a significant reduction on CRC incidence,
both distal and proximal by 26% and 14%, respect-
ively. However, although the effectiveness of sigmoid-
oscopy in the incidence of distal CRC was similar in
men and woman, irrespective of age (29% and 24%
reduction, respectively), the protective effect was dif-
ferent regarding proximal CRCs. In fact, incidence of
proximal CRCs was significantly reduced in men but
not in women (27% and 9%, respectively). Moreover,
screening reduced the incidence of proximal CRCs by
35% in younger women while women aged 60 years
and older did not benefit from screening. Moreover,
the extended follow-up of the UK flexible
Sigmoidoscopy Trial (UKFSST)9 through a median
of 17 years of follow-up has shown a reduction in
incidence of distal CRCs by 56%, but a 5% non-sig-
nificant effect on proximal CRC incidence. This small
effect with respect to the other trials was expected
since referral for a colonoscopy was restricted to indi-
viduals with high-risk polyps, and as a result, only 5%
of the screened group had a colonoscopy.
Epidemiological studies have shown a rightward shift
in the distribution of CRCs that may be related to
population aging, with patients having fewer distal
and more proximal neoplasms over time.29,30 Some
studies have reported that proximal advanced neopla-
sia without distal lesions is more common in women
than in men.31,32 The screening arm of the
NORCCAP study, based on sigmoidoscopy with or
without FOBT, identified 103 individuals (0.8%)
with at least one large SP. Of these, 22 had

Table 6. Characteristics independently associated with the presence of at-risk proximal serrated polyp.a

Overall Male, 60–69 years Male, 50–59 years Female, 60–69 years Female, 50–59 years

Characteristic OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p

Age 0.97 0.94–1.01 0.97 0.98 0.85–1.14 0.85 1.01 0.89–1.14 0.88 1.10 0.89–1.36 0.36 0.99 0.84–1.17 0.91

Sex male 1.94 1.23–3.06 0.004 – – – – – – – – – – – –

Distal colon findingb

NormalþHP

<10 mm

1 – – 1 – 1 1 1

HP�10 mm – – – – – – – – – – – – – –

SSP or TSA

<10 mm

9.43 3.55–25.06 0.0001 8.60 0.98–75.78 0.053 14.14 3.68–54.38 0.0001 16.51 1.82–149.4 0.013 – – –

Non-advanced

adenoma

1.34 0.68–2.64 0.40 0.81 0.18–3.61 0.78 2.00 0.74–5.45 0.17 1.21 0.15–9.67 0.86 1.27 0.29–5.60 0.75

SSP or TSA

�10 mm

13.99 3.83–51.16 0.0001 14.71 2.86–75.62 0.001 18.76 1.86–189.63 0.013 – – – – –

ACN 3.08 1.62–5.85 0.011 1.79 0.51–6.37 0.366 7.74 3.37–17.79 0.0001 – – – – –

ACN: advanced colorectal neoplasm (advanced adenoma and/or cancer); CI: confidence interval; HP: hyperplastic polyp; OR: odds ratio; SSP: sessile serrated

polyp; TSA: traditional serrated adenoma.
aAt-risk proximal serrated polyp: SSP or TSA of any size and/or HP�10 mm proximal to splenic flexure; blesions detected in rectum and sigmoid colon.
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concomitant advanced adenomas and 81 individuals
had isolated SPs, of which four (4.9%) fulfilled the
World Health Organization criteria for serrated polyp-
osis.6 Only seven out of 81 had an isolated proximal
large SP, whereas 39 out of 81 had both a distal and
proximal large SP. Like our study, a retrospective
cross-sectional study in a small sample showed that
average-risk patients aged 50 years old or older with
distal colorectal polyps were no more likely to har-
bour advanced serrated lesions (ASLs) (defined as
TSA and SSP with dysplasia or size �10mm) in the
proximal colon than patients without distal colorectal
polyps.17 The study also evaluated predictive factors
of proximal SPs and only age was associated with
proximal ASLs and, by contrast, only the presence
of SSP<10mm with or without HP was independently
associated with the presence of a proximal SP. With
respect to the previous study, to estimate the risk of
proximal SPs, we differentiated those individuals with
distal HP>10mm and a SSP. Proximal and at-risk
proximal SPs were associated with male sex, the pres-
ence of advanced colorectal neoplasm (advanced aden-
oma or colorectal cancer) and the presence of a distal
SSP, irrespective of size. However, only 12.5% and
13.6% of patients with proximal and at-risk proximal
SPs had neoplasms in the distal colon.

This study has several strengths. First, it is based on
the results of a large, prospective, multicentre, nation-
wide, randomised controlled trial that followed a strict
quality assurance program,10 thus ensuring the reliabil-
ity of the data. Secondly, the analysis of the results,
both overall and after stratification by age and sex,
permits more accurate ascertainment of the usefulness
of screening strategies.

However, we are aware of some limitations. First,
the definition of at-risk proximal SPs, was arbitrary.
Initial studies suggest that proximal and large
serrated lesions have an increased risk of neoplasia
and advanced neoplasia at follow-up.16,33 The
Norwegian CRC prevention trial observed that
patients with large (�10mm) SPs, compared with
patients not invited to screening and patients without
polyps at sigmoidoscopy, have a hazard ratio for
CRC of 2.5 (95% CI, 0.8–7.7) and 4.2 (95% CI,
1.13–13.3), respectively, equivalent to having an
advanced adenoma.6 Moreover, a nationwide popula-
tion-based study reported that a history of SSPs was
associated with a substantially increased CRC risk
compared with patients without these polyps. The
CRC risk was particularly high for SSPs with dyspla-
sia (OR 4.76; 95% CI 2.59–8.73), for women with
SSPs (OR 5.05; 95% CI, 3.05–8.73), and for patients
with proximal SSPs, the highest risk being for CRC
(OR 12.42; CI 95% 4.88–31.58).7 In these studies,
with a centralised pathological review, although no

information about polyp size was available, 28.8%
and 24.9% of the lesions originally thought to be a
HP were reclassified as a SSP and TSA. In fact,
agreement on the SP subtypes was only moderate
to low, both for expert and non-expert patholo-
gists.34–36 In our retrospective study, the vast major-
ity of proximal SPs were classified as HP. A key
difficulty is that the minimum criteria for the diagno-
sis of SPs have varied between guidelines and
between groups of pathologists, and in our study,
the pathologic criteria for the diagnosis of SPs were
not centrally reviewed and, although location and size
of the HPs were independently described, the data-
base analysis prevented also differentiation of SSA,
with or without dysplasia, from TSA.

Secondly, as previously described,14,15 data on the
sigmoidoscopy yield were extrapolated from the colon-
oscopy results. This potential bias, however, was mini-
mised by the performance of a sensitivity analysis in
which the descending colon was included in the distal
colon. In addition, because of the nature of this post
hoc analysis, the long-term diagnostic yield of both sig-
moidoscopy and FIT cannot be established because
participation in each screening strategy could not be
evaluated and data on the detection rate were limited
to the first screening round.

Although a retrospective sigmoidoscopy simulation
is not real-life screening and the fact that a single round
underestimates the role of a FIT-based screening pro-
gramme, the results of this study indicate that sigmoid-
oscopy and FIT have major limitations in detecting
proximal SPs compared with TC. These limitations
are more marked in women, independently of age.
Further prospective studies are needed to determine
the effectiveness of repeat FIT testing over time in prox-
imal SP detection. Moreover, our study suggests that
not only conventional adenomatous lesions, but also
distal SSPs, independently of size, are associated with
proximal SPs.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with

respect to the research, authorship and/or publication of this
article.

Ethics approval

The study protocol, in compliance with the ethical guidelines
of the 1975 Declaration of Helsinki, was approved by the

institutional review board of Parc de Salut Mar (protocol
number: 008/3050/, 15 April 2008)

Funding

The authors received no financial support for the research,
authorship and/or publication of this article.

Carot et al. 1535



Informed consent

All participants provided written informed consent.

ORCID iD

Laura Carot http://orcid.org/0000-0001-6507-9571

References

1. Lin JS, Piper MA, Perdue LA, et al. Screening for colo-

rectal cancer. JAMA 2016; 315: 2576.

2. Levin B, Lieberman DA, McFarland B, et al. Screening

and surveillance for the early detection of colorectal

cancer and adenomatous polyps, 2008: A joint guideline

from the American Cancer Society, the US Multi-Society

Task Force on Colorectal Cancer, and the American

College of Radiology. CA Cancer J Clin 2008; 58:

130–160.
3. Leggett B and Whitehall V. Role of the serrated pathway

in colorectal cancer pathogenesis. Gastroenterology 2010;

138: 2088–2100.
4. Baxter NN, Sutradhar R, Forbes SS, et al. Analysis of

administrative data finds endoscopist quality measures

associated with postcolonoscopy colorectal cancer.

Gastroenterology 2011; 140: 65–72.
5. Teriaky A, Driman DK and Chande N. Outcomes of a 5-

year follow-up of patients with sessile serrated adenomas.

Scand J Gastroenterol 2012; 47: 178–183.
6. HolmeØ, Bretthauer M, Eide TJ, et al. Long-term risk of

colorectal cancer in individuals with serrated polyps. Gut

2015; 64: 929–936.
7. Erichsen R, Baron JA, Hamilton-Dutoit SJ, et al.

Increased risk of colorectal cancer development among

patients with serrated polyps. Gastroenterology 2015;

150: 895–902.e5.
8. Hoff G, Grotmol T, Skovlund E, et al. Risk of colorectal

cancer seven years after flexible sigmoidoscopy screening:

Randomised controlled trial. BMJ 2009; 338: b1846.
9. Atkin W, Wooldrage K, Parkin DM, et al. Long term

effects of once-only flexible sigmoidoscopy screening

after 17 years of follow-up: The UK Flexible

Sigmoidoscopy Screening randomised controlled trial.

Lancet 2017; 389: 1299–1311.
10. Quintero E, Castells A, Bujanda L, et al. Colonoscopy

versus fecal immunochemical testing in colorectal-cancer

screening. N Engl J Med 2012; 366: 697–706.
11. Haug U, Kuntz KM, Knudsen AB, et al. Sensitivity of

immunochemical faecal occult blood testing for detecting

left- vs right-sided colorectal neoplasia. Br J Cancer 2011;

104: 1779–1785.
12. de Wijkerslooth TR, Stoop EM, Bossuyt PM, et al.

Immunochemical fecal occult blood testing is equally sen-

sitive for proximal and distal advanced neoplasia. Am J

Gastroenterol 2012; 107: 1570–1578.
13. Hirai HW, Tsoi KKF, Chan JYC, et al. Systematic

review with meta-analysis: Faecal occult blood tests

show lower colorectal cancer detection rates in the prox-

imal colon in colonoscopy-verified diagnostic studies.

Aliment Pharmacol Ther 2016; 43: 755–764.

14. Castells A, Bessa X, Quintero E, et al. Risk of advanced
proximal neoplasms according to distal colorectal find-
ings: Comparison of sigmoidoscopy-based strategies.

J Natl Cancer Inst 2013; 105: 878–886.
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